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Protein productivities of a cloned gene (3-galactosidase) and the cultural performances of two
recombinant Escherichia coli strains, which use different host-vector systems, were studied.

E. coli JM109/pTBG10 strain which carries Tac promoter had higher protein productivity than
E. coli MH3000 (pRKcI857)/pASI(lacZ) strain which carries pL promoter. Induction of protein syn-
thesis was optimum at the initial-and mid-logarithmic growth phases for both strains. Oxygen de-
mand was observed to be very high during the cloned gene expression, and could be alleviated to
some extent through pH control. The ratio of specific growth rates of plasmid-harboring to plasmid-
free cell, « + /u-, of the high productivity strain was observed to be lower than that of the low pro-
ductivity one. Plasmid stability was analyzed for 20-30 generations, and it was found that the fra-
ction of plasmid-harboring cells dropped to 10% level in about 25 generations for both strains when

the cloned gene expression was induced.

Recent advances in genetic engineering and re-
combinant DNA technology made it possible to
produce many ‘‘low volume, high value” proteins
through the fermentation of recombinant microor-
ganisms.

For the present, Escherichia coli strain is one of
the most frequently used microorganisms, simply
because its genetic information is greatly available.
However, in many cases of foreign protein produc-
tion using recombinant E. coli strains, genetic insta-
bility of the plasmid and produced protein (1) may
cause a serious problem for the process develop-
ment. Therefore, the selection of a proper host-
vector system could be an important factor which
may determine the economy of the fermentation
process.

1t has also been observed that the production of
a fused protein, consisting of the desired protein

and a polypeptide derived from g-galactosidase,
allowed to overcome its genetic instability (2) and,
furthermore, made the assay of the produced pro-
tein easy.

In our laboratory, during the course of process
development for the production of hepatitis B vac-
cine, we have developed two recombinant E. coli
strains with different host-vector systems, contain-
ing g-galactosidase gene as the model system.

The strain E. coli MH3000(pRKcI857)/pASl
(lacZ), which uses pL promoter, was regulated by a
temperature-sensitive cl repressor. Its gene expres-
sion was simply induced by temperature shift from
28°C to 42°C. The strain E. coli IM109/pTBGI10,
which uses Tac promoter, could be regulated by lac
repressor, and the gene expression was induced by
the addition of IPTG(isopropyl-thio-8-D-galacto-
side) at the concentration of 10°M.
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In this study, regulation efficiencies of the gene
expression and some cultural performances were
compared by using these two recombinant E. coli
strains.

Materials and Methods

Bacterial strains and plasmids

Escherichia coli MH3000{araD139, A (ara, leu)
7697,4(lac) 74, galU, galK, rpsL, (str®), OmpR101]
and JMI109 [recAl, endAl, gyrA96, thi, hsdR,
supE4d4, relAl, A7, A(lac-proAB), (F' tra D36 pro-
AB, lacl?Z M15)] were used throughout this study.

pPRKcI857 plasmid which carries temperature
sensitive repressor(cI ts) was introduced into the E.
coli MH3000 strain, and MH3000(pRKcI857) was
used as the host for pASi(lacZ) plasmid. E. coli
JMI09 strain was used as a host strain for pTBG10
vector.

A general survey of the host-vector systems is
shown in Fig. 1.

Medium and fermentation conditions

Luria broth(LB) which contains tryptone 10g,
yeast extract 5g and NaCl 10g in 1/ of distilled
water was used as the growth medium. The pH was
adjusted to 7.0 with 2N NaOH.

EcoRI HindIII

pL

BamHI

; lacZ

Amp
kTBGlO(lacZ)

orl

Amp’
pAS1 (lacZ)
lacZ

ori

Fig. 1. Structure of pASl(lacZ) vector and pTBG10
(lacZ) vector
- promoter: pL - promoter: Tac
- gene: B-galactoSidase - gene: 8- galactosidase
- regulation: CI® repressor/- regulation: lac repressor/
heat induction (42°C) IPTG induction (10-3M)
- host: MH3000 - host: JM109
(pRKCI857)
- selection marker: Amp
- replicon: pBR322

- Selection marker: Amp
- replicon: pBR322
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The medium was supplemented with 100ug/m/
and 50.g/ m/ of ampicillin for seed culture and fer-
mentation, respectively.

A single colony from LB agar plate supplement-
ed with 200 /m/ of ampicillin was cultivated over-
night at 28°C in 100 m/ of seed culture medium,
and this was then used as the inoculum for the fer-
mentor operation.

Batch fermentations were conducted in a 2/
Bioflo fermentor (New Brunswick Scientific) equip-
ped with an oxygen analyzer and a pH controller.

E. coli MH3000(pRKcI857}/ pASl(lacZ) strain
was initially cultivated at 28 °C, and depression was
made by shifting temperature to 42 °C at the induc-
tion point. E. coli IM109/pTBGI0 strain was culti-
vated at a constant temperature, 37 °C, and dere-
pression was made by the addition of IPTG at the
concentration of 10-3M.

Analytical methods

Cell concentration was measured by the optical
density of the culture broth at 600nm. The apparent
specific growth rate was estimated from the cell
growth curve. Dissolved oxygen concentration was
measured by using a New Brunswick sterilizable
polarographic oxygen electrode and an oxygen
analyzer DO-40(New Brunswick Scientific).

B-Galactosidase activity was measured by Miller
method (3): after cell density was measured at 600
nm, aliquots of the culture broth were added to the
assay buffer. (Z buffer: Na,HPO,7H,0, 0.06M;
NaH,PO,H,0, 0.04M; KCl, 0.01M; MgSO,7H,0,
0.01M; g-mercaptoethanol, 0.05M; pH 7.0). The
final volume should always be 1Im/. Two drops of
chloroform and 504/ of 0.1% SDS solution were
added to the assay mixture, and vortexed for 10
seconds. After placing the assay mixture in a water
bath at 28 °C for 5 minutes, the assay reaction was
started by adding 0.2 m/ of o-nitrophenyl-8-D-
galactoside(ONPG) (4mg/m/) to the tube. The
reaction was stopped by adding ¢.5m/ of 0.1M
Na,CO, solution after faint yellow color had de-
veloped. The reaction time was checked, and the
optical density was measured at 420nm after centri-
fugation. Miller units of the sample was determined
by the following formula
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OD
TXvXODgy
where OD,,, and ODg, represent the optical den-
sities of the reaction mixture and the culture broth,
respectively, measured at the specified waveleng-
ths; t was the reaction time in minutes and v the
volume in m/ of the culture broth used in the assay.

In this assay, the color development, i.e., OD 4,
was found to be linear under the specified assay
conditions.

Stabilities of the recombinant microorganisms
were determined based on the principle that plas-
mid-harboring cells produce S-galactosidase and
form blue colonies on X-gal(5-bromo-4-chloro-3-
Indolyl-B-D-Galactopyranoside) plates.

Precultured cells were diluted and inoculated in-
to 100m/ of LB medium in 500m/ Erlenmeyer flask
such that approximately 40 cells/m/ could be ob-
tained. Samplings were made at appropriate time
intervals and they were spread on X-gal plate after
dilution of 10”7 were made. The X-gal agar plate
was incubated overnight at 28°. From the number
of colonies appeared on the X-gal plate, plasmid
stabilities were determined as the ratio of the num-
ber of blue colonies to the total number of colonies

M.U. =1000 x

appeared.
Results and Discussion

Protein productivities of the recombinant strains
It is generally known that under the derepressed

condition the fully induced promoter may lead to

plasmid instability through interference with the

Table 1. 3-Galactosidase activity before and after in-
duction

. B-galactosidase activity (M.U.)*
strain i . . .
before induction after induction

Strain A E. coli

MH3000(pRKcI857) 3,000 9,000
/pASl(lacZ)

Strain B;E. coli

JM109/pTBG10 2,000 62,000

* The data include maximum error of 12% and stan-
dard error of 8%.
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replication mechanism. Efficient regulation of the
cloned gene expression before the optimum induc-
tion point is thus important for more stable main-
tenance of the plasmid during the fermentation
(4,5,6).

B-Galactosidase activity before and after induc-
tion was shown in Table 1. The strain B, E. coli
JM109/pTBG10 showed higher productivity than
the strain A, E. coli MH3000(pRKcI857)/pAS1
(acZ), under the induced condition.

Determination of the optimum induction point

Enhanced production of the foreign protein
after induction inhibits growth of the cell (or lethal
to the cell), and results in the plasmid instability
during fermentation (4). Therefore it is important
to optimize the induction point of gene expression
for the optimum product yield.

To determine the optimum induction point for
strain A, culture profiles of cell growth and protein
production were first observed with the inductions
at initial, mid, and late logarithmic growth phases
(Fig. 2). It was noted that inductions at initial and
mid-log phase yielded higher B-galactosidase ac-
tivities (9,000 and 10,000 M.U., respectively) than
that obtained from late-log induction (7,000 M.U.).

A similar productivity pattern was also observed
for the strain B; 60,000 M.U. and 70,000 M.U.
with initial and mid-log phase induction, respective-
ly, while 40,000 M.U. with late-log phase induction
(Data not shown). This could be explained by the
fact that protein synthesis (or the gene expression)
could effectively be carried out by actively growing
cells (7). With the strain B, therefore, only the in-
duction at initial growth phase was made (Fig. 3).

It was noted that oxygen demand of the cell was
very high during the growth, resulting in the defi-
ciency of dissolved oxygen concentration (Fig.
3(a)). Dissolved oxygen level in the culture broth
was therefore considered to be important for the
productivity of the system. In this regard, the effect
of dissolved oxygen level on the protein production
was thus investigated using the strain B. As shown
in Fig. 3(b), when dissolved oxygen level was con-
trolled at 40% of the saturated level by changing
the agitation speed from 400 to 500 rpm, it was ob-
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Fig. 2. Culture profiles of the strain A, E. coli MH3000
(PRKcI857)/pAS1(lacZ) with different induction times
Cell growth o; 28°C
®; 28°C—42°C at]

Activity Oo; 28°C

B; 28°C> 42°C at}
a) initial-log phase induction
b) mid-log phase induction
c) late-log phase induction

served that the protein production increased about
50%.

The decreasing tendency of A-galactosidase ac-
tivity after its maximum was probably due to the
loss of cell viability and the degradation of the pro-
duced protein.
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Fig. 3. Culture profiles of the strain B, E. coli
JM109/pTBG10

0; Cell growth, ®; 8-gal activity a; pH m; D.O.
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Fig. 4. Culture profiles of the strain B, E. coli
JM109/pTBG10 with pH control at 7.0

initial-log phase induction at |

Agitation : 400 rpm —500 rpm atf

O; cell growth e; 8-gal activitya; pH m; D.O.
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Table 2. Specific growth rates of MH3000 (pRKcI857)/pAS1(lacZ) and JM109/pTBG10(acZ)

Specific growth rates(hr1)

host cell plasmid Medium plasmid(+) plasmid(-) wutly Cultivation
cells, u+* cells, p- temp.
E. coli w/oind. 0.43 0.47 0.92 28°C
MH3000 pASl(lacZ) LB
(pRKcI857) ind. 0.58 0.76 0.76 42°C
E. coli w/oind. 0.52 0.59 0.87 37°C
JM109 pTBG10(acz) LB ind. 0.37 0.59 0.62

* w/o ind.: without induction
ind. : induced condition

Another experiment was conducted under the
same protocol as in the Fig. 3(b), but at a fixed pH
of 7.0 (Fig. 4). Under the control of pH it was
noticed that oxygen demand was alleviated to some
extent, which agrees with the work reported by Bot-
terman ¢f al. (7) that oxygen demand was lower at
constant pH than that without pH control. At the
present point, however, it is not clear how the cell
metabolism and gene expression machinary can be
affected under the condition of constant pH. The
pH effect on oxygen demand should be investigated
further since scale-up of the fermentation process
can successfully be achieved in a more economical
way if the system requires less oxygen.

Effect of gene expression on cell growth

Apparent specific growth rates of two recombi-
nant strains were summarized in Table 2. It was
noted that cells without plasmid grew faster than
plasmid-harboring cells as was reported in other
works (8-12).

In the case of the strain B (E. coli IM109/pTBG
10), the growth rate ratio, #+ /«-, under the derep-
ressed condition was rather low (0.626) comparing
to that (0.76) of the strain A (E. coli MH3000
(pRKcI857)/pAS1(lacZ)). It should be noted that
the strain B was cultivated at the constant tempera-
ture, 37°C, while the cultivating temperature for
the strain' A was elevated from 28 °C to 42 °C under
the derepressed condition. Despite this difference,
smaller value of u+ /u- of the strain B could be ex-
plained by the higher load for the protein synthesis.
As shown in the previous section, the strain B pro-

duces 5 -galactosidase about 6 times more than the
strain A at its maximum production level.

Effect of gene expression on the plasmid stability
Plasmid stabilities of each recombinant strain
were checked for a fermentation period correspon-
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Fig. 5. Stabilities of (a) E. coli MH3000 (pRKcl
857)/pAS1 and (b) JM109/pTBG10

©; without induction
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ding to 20-30 generations (Fig. S). Plasmid stabili-
ties of both strains were observed to drop to lower
than 10% after about 25 generations, but their de-
creasing patterns were quite different from each
other. Plasmid stability of the strain A under the
derepressed condition dropped to 10% in about 25
generations, but decreased at a slower rate under
the repressed condition. Compared to this, the plas-
mid stability of the strain B was observed to be
maintained above 95% under the repressed condi-
tion even after about 25 generations, while under
the derepressed condition about 80% was maintain-
ed until 20 generations and then dropped very
rapidly.

Conclusion

E. coli JM109/pTBGI0 strain which uses Tac
promoter system had higher productivity and better
plasmid stability than E. coli MH3000(pRKcl
857)/pASi(lacZ) strain.

Inductions at initial- or mid-logarithmic growth
phases were preferred to late-logarithmic growth
phase induction for both strains.

Oxygen demand was found to be very high for
the gene expression and could be alleviated to some
extent through pH control.

Selection of an appropriate host-vector system
with better plasmid stability and strong regulation
system was considered to be essential for a suc-
cessful development of the large-scale fermentation
process of recombinant microorganisms.

From this point of view, E. coli IM109/ pTBG
10 strain was considered to be applicable to the pro-
duction of hepatitis B-B-gale;ctosidase fusion pro-
tein with several improvements at the fermentation
level in progress of this work.
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